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Dear Mr. Jim:

REVIEW AND COMMENT ON NEEDS AND REQUIREMENTS FOR CONSOLIDATION OF SITE-WIDE
GROUNDWATER MODELING AT THE HANFORD SITE

In May 1996, at the Hanford Advisory Board (HAB) workshop there was a
recommendation to the U.S. Department of Energy, Richland Operations Office
(RL) to develop a site-wide consensus groundwater model for the Hanford Site.
RL's Site Management Board directed the Environmental Restoration Program to
lead the effort to provide the Hanford Site a Site-Wide Consolidation
Groundwater Model. 1In a RL letter to the regulators, stakeholders. and
tribes. dated July 28, 1997. RL made a commitment to initiate the site-wide
groundwater model consolidation task.

As a result of a number of meetings with RL, contractors, regulators., tribes,
and HAB in review of past modeling work the "Need and Requirements for
Consolidation of the Site-Wide Groundwater Modeling at the Hanford Site”
(Attachment) document has been developed.

Please review and provide comments by March 3, 1998. If you have any
questions, please contact me on (509)373-9626.

Sincerely,

R

_ R. D. Hildebrand, Project Manager
GWP : RDH Groundwater Project
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Executive Summary

In response to both internal and external recommendations, DOE/RL initiated a site-wide
mode] consolidation process, which is to include the participation of all affected Hanford
programs, to eliminate redundancies and promote consistency i groundwater analyses
produced for Hanford programs. The purpose of the model consolidation is to establish a
site-wide modeling process to foster 1) consistent assumptions in applications across
programs, 2) mode] enhancements based on new data/information and improved technical
capabilities, and_ "m.odel ﬂexlblhty to address new program needs and decisions. As an

zonceptual model that will meet near-term and long-term needs and
A d external Hanford site stakeholders.

At Hanfi :' several.g;’b ...'fdwater medeling programs have developed among the three

major con #ithe Hanfaiilinission changed from special nuclear materials
production to'&rv fimental 1oiii:. The Project Hanford Management Contractor
(PHMC) presently main dose Zjis.and groundwater modeling capability in
support of active and plalm ______ osals if:flke 200 Areas and operational issues at the site.

ly m#iniains a site-wide groundwatcr model in support
of past-practice opcrabie unit in ._.a'nd cleanup activities. Pacific Northwest
National Laboratory (PNNL) pres ﬁ}r- dintamns groundwater modeling capabilities for the
site in support of the site-wide g pnEdwater monitoring program, and vadose-zone
modeling capabilities for a vasgty:of site and natio 1_§gg_qgrams

#: equ1rcments necessary {0 move

.programs. Input
s!m BHI, CH2M-

Engineering Group, Inc. (JEGI).
Based on a review of current and planned groundwater modeling activities at the:
following needs and requirements have been identified for the consolidated site
groundwater model objectives, the conceptual model and associated database
computer code needed for implementation of the numerical model.
Consolidated Model Objectives: The consolidated site-wide grou i

should be capable of being used to meet a variety of Hanford Site projer:! bjecuves
mcludmg the following:

» preliminary screening of sites for locating waste disposal facilities

s site performance assessments of proposed waste disposal facilities



s assessment of environmental impacts involving the prediction of contaminant transpuii
and dose modeling for site-wide and local assessments

o design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment, and contaminant removal/cleanup

» design and evaluation of site monitoring networks to predict fate and transport of
existing and emerging contaminant plumes, transient hydrautic behavior of the water
table and unconfined aquifer system in response to changing waste management
practices, envisgnmental restoration alternatives, or waste facilities end states, and

performancﬁ'wfm undwater remediation alternatives

£ nécessmjfgxo develop parameter estimates for a model
ng appliciitigns.

e This modeling database should #"on a consensus interpretation of the available
data. B

as new data, on both the local
%' parameter databases should be

lmplememauon of the consolidated site-wide groundwater model should proyid
following technical capabilities and characteristics. The code should be capablé:af

conditions in order to be able to represent both current as well as expected future
Hanford Site states. For certain modeling applications such as the simulation of
remediation options for the carbon tetrachloride plume in the 200 areas or the evaluation
of innovative in-situ treatment technologies such as in-sitt REDOX treatment
methodologies, capabilities to simulate the effects of variable density would be
desirable

it



Admunistrative requirements for the selected code include the followirn

accommodating the spatial variation of hydraulic parameters (hydraulic conductivity.
transmissivity, specific storage, storage coefficient, etc.) in three dimensions as well as
the three-dimensional geometry of the major hydrogeologic units. The code should
also allow anisotropic hydraulic conductivity values

simulating flow and contaminant transport in unconfined and confined portions of the
Hanford aquifer systems

tively simulatingiflpw on a vanety of time scales ranging from a few years to
900 years at both‘til scale of the entire Hanford Site and at the local scale

g a linear equilibrium adsorption model where

representing geoch -
lepeisdd only on the contaminant and on spatial

the dlstnbutlon coeﬂicncnt (K¢

efficiently performing streamline (for steads g
transient conditions) analyses in two- and three- dlme'

Incorporating time-dependent and spatially varying’ boundary col
should be capable of simulating homogeneous and non-homogeneous Diric
(constant head/concentration) and Neuman (constant flux) boundary condi
selected code should also have a prescribed approach for incorporation ¥
space-dependent sources and sinks of water and contarmninant

pre- and post-processing modules that allow the user to readily set up problems and to
understand results. In particular, the code should have the capability to provide outputs
that can readily used by its own pre- and post-processors or other available software 1o
graphically display the numerical grid discretization along with zone identifiers,
contaminant and water fluxes across selected boundaries and regions in the modeling
domain, and contours, spatial cross sections, and time histories of contaminant
concentrations

v



Other Needs and Requirements: Other needs-:and requi
considered in a site-wide model consolidation 1nc1ude ¢

the selected code should be sufficiently wéf]

An effective model interface to a GIS such as the proposed site-wide modeling database
to allow the efficient specification of hydraullc properties, boundary and initial
conditions, and sources and sinks

evidence of reliability including adequate documentation, verification against a set of
test problems relevant to Hanford groundwater conditions, and a body of model
applications that can demonstrate its technical, regulatory, and public acceptance

‘ i i'xtwclgh thc u_' Qf a newer, but less tested vcrsnon The softwarc should be
ity control program that documents modifications.

capabilities to run on a Vi
UNIX-based works_f

source code by DOE and u§ e_éntractors These ingpections and/or verification reviews
may be required to assist l. to rectify problesix coumercd in application of the

code enhancements.

code developer to allow for rectification of f
application to Hanford specific applications

"fi:ﬂfowmg‘

development of a process to foster greater con51stcncy in appllcatlons of gro
models by various on-site programs

site commitment for long-term maintenance and care of site-wide mogg

:ggr-:apabili.tress.'-
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1.0 Introduction

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which inciuded the participation of all affected Hanford
programs. This process will eliminate redundancies and promote consistency in
groundwater analyses produced for Hanford programs. The DOE/RL Site Management
Board (SMB) directed the Environmental Restoration Program to lead the effort. On Sept.
ier issued an RL Letter of Instruction to affected RL Programs, and
-.w1th RL and contractor custorners, tribal and stakeholder

participatigi; SN L W
model y fetter to i

Bechtel Hanford, Inc.,
support of past-practig ]

Northwest National IaBOratory {Pﬁ!
capabilities for the site in support:
vadose-zone modeling capabll'

p,'gatlons and cleanup activities. Pacific
ESently maintains groundwater modelmg

of the site based on a consensus hydrogcologlc c
model that will meet near-term and long-term nei
external Hanford site stakeholders.

interpretations, data, models, and codes, 3) make recommendatlons for consohd
conduct review of recommendations, 5) document review and recommendatlon.s
mnitiate implementation of the recommendations.

dwater model

Current plans also call for completing implementation of the site-wide gsizug
i#iued support for

and development of a multi-year program pian in FY 1999 to provide:
the site-wide model from the years 2000 to 2005. :

1.1 Approach for Model Consolidation

On October 27, 1997, RL initiated the model consolidation process with representatives of
affected RL programs and contractor personnel. An overview of the model consolidation
process included descriptions of the four major tasks:



s development of site-wide modeling needs and requirements
+ technical evaluation of site-wide conceptual and numerical models

e recommendations for a consensus site-wide conceptual and numerical model and
computer code(s) to implement the consensus numerical model

» implementatiofﬁ f the recommendations.

‘developmignt of the needs and requirements summarized in this report,
résentatives were asked to provide an overview of current and planned model
sincluding identifi¢ation of supporting planning and technical documents. The
i yvide the basis for summaries of current and planned groundwater

ye&s:of the U. S. Environmental Protection Agency
nt 8§Ecology, the Hanford Advisory Board, and

d the NézPierce Tribe, and the Yakama Tribal Nation
% Bipugh RL was unable to meet with

_____ 1 and sp&
addressed, contaminants of concern assessed:etc.

e cument site-wide hydrogeologic and geochemical intrpretations #tid assocrats
databases ;

* existing modeling implementations and assumptions including the purp x
the implementations, the key assumptions, the limitations, etc.

Following the initial review of site conceptual models and numerical rigig#l applications and
the computer codes currently in use, RL intends to have technical subject area experts meet
to evaluate key areas of differences and to present recommendations for resolution to the
larger group of technical points of contact (POCs) for review and comment. PNNL will
work closely with the POC group to collate and document final recommendations for site-
wide model consolidation. The scope of recommendations will include discussions on the
following topics:

e current site hydrogeologic interpretations



e current site hydrologic conceptual model for groundwater flow and contaminant
transport

¢ selected computer codes and related software
e development of parameter databases and their implementation of numerical modeis
e a process for ensuring consistency in modeling applications performed on site

s aprocess for long-term maintenance and care of 1) recommended hydrogeologic and
hydrologic databases, 2) model parameter databases, and 3) site-wide model(s} and

fiigiendations will be presented for review by an external peer panel
diniznternal and external stakeholders by mid to the end of May 1998.
igis;solicited during the review will be evaluated and to the extent

Following reii
frame, RL wilf
completing implementati
calibration, application 1%
However, this proposediifité

resuiting scope.

gied site-wide model, including the development,
iis currently planned for July 30, 1999.

Ealkndwate
requirements are based in part on an initial ré iy
modeling activities being planned by the Envircs
and Tank Waste Remediation programs at the Hafzig !
also reflect input coliected from external stakehdfifers including

State Department of Ecology, the Hanford Advisesy Board; it

of:g@rrent and future groundwater
efilal Restoraton,: W,

the Confederated Tribes of the Umatilla Indian Reservifis wi
participate in the model consolidation process. T

The remainder of the report is separated into two sections organized in the follg
manner:

¢ Section 2.0 provides summaries of current and planned groundwamgisdeling
activities of major program areas at the Hanford Site, including thé§i¥ironmental
Restoration, Waste Management, and Tank Waste Remediation System Programs.

* Section 3.0.provides a summary of site-wide groundwater needs and requirements
necessary to achieve the objectives of the model consolidation process






2.0 Current Groundwater Modeling Activities

The following is a brief review of recent and current groundwater modeling activities that
have been undertaken by the major programs at the Hanford Site. The information
presented is organized by major program areas (i.e., Environmental Restoration, Waste
Management and Tank Waste Remediation System programs) and was largely derived from
meetings with representatives of RL programs and site contractor personnel and review of
related key technical documents. In performing this review, a conscience effort was made
odehng activities to those completed within the last three years (i.e.,
review of past groundwater modeling, for the most part, is focused
es completed since 1994,

ect activities that have used groundwater modeling to support
¢ Environmggital Restoration Program. These summaries reflect

by RL techa 'pro;cct managers and contractor personnel from BHI
and PNNL. The modelmg agt]

Remedial mvcsugatlon / feasf
Facility

* Design of Interim remedi

» Impacts on Drinking Water Syster
contaminant plume transport :

o Composite Analysis being performed in res '
Board recommendation 94-2

¢ Hanford Remedial Action and Comprehensi?
Statement

The following summary focuses on groundwater modeling being doi¢ to suppo#t
evaluation of groundwater impacts and does not specifically discuss risk assessiy
methodologies being used to support cleanup of soil contamination at many CERGE :
in the 100 and 200 areas. Much of this type of remediation work at the Hagfoid Site has
been supported with the implementation of a dose assessment methodologiiféedmmended
for deriving site-specific soil remediation guidelines called RESRAD dévé igiped at Argonne
National Laboratory (Yu et al. 1993). i

2.1.1 Hanford Site-Wide Groundwater Remediation Strategy

Site-wide groundwater modeling has been performed to assess groundwater remediation
alternatives, to support planning and implementation of remediation alternatives, to support
risk assessments, and to evaluate the impact of changes in the groundwater flow field.

This particular modeling activity is summarized in detail in Law et al. (1996) and
Chiaramonte et al. (1996).



Geologic and hydrogeologic conceptual models were based primarily on a synthesis of data
and information presented in previous studies. The conceptual model involved defining
properties and spatial distribution of the major geologic units in the Ringold and Hanford
formations and defining the surface of the basalt bedrock.

Recharge to and discharge from the unconfined aquifer were based on previous studies.
Recharge was assumed to occur from the Cold Creek and Dry Creek basins and not from
the surface or from the confined aquifer. Discharge to the Columbia River was modeled.
Artificial rechargg:from site operations was based on available reports.

The initial grid chosen®@ model gronBdWATET ﬂow and tritium transport used uniform 600
m by 600 m elements (18,277 nodé§i:and required about five hours of computational time
for a 200-year simulation (usin, S

have 150 m by 150 m elements Al clem_q_:p hiorizonal plane were rectangular (or
bt . .={5f) 8 mdcs) required approximately 23

vertically homogencous

Hydraulic conductivity and porosity varied spaually in i idirection.’
assignment of conductivity to elements was based on observed aquifer test data.
Conductivity was isotropic in the horizontal direction. Vertical hydraulic condugéi
were set to one-tenth the horizontal value for each element.

Calibration was carried out by adjusting assigned hydraulic conductivitié ‘mg for the
steady-state flow field, and comparing the model results to the averagé\uager level
measurements from 1976-1979. Transient flow simulations of 14 years3vere also carried
out during the calibration, with comparisons of the hydraulic head field during 1988 and
1993 also used to evaluate the numerical model. Finally, a simulation of tritium transport
was carried out for the same 14-year period to further evaluate the calibrated model. Tritium
concentrations from 1979 were used as the initial condition The mean residual was
calculated for the calibrated model using water level measurements at 124 wells.

The calibrated groundwater model was used to predict water table elevations and
contaminant transport for several key contaminant plumes (tritium, iodine-129, uranium,

6



technetium-99, nitrate, carbon tetrachioride, trichloroethylene, and chloroform) for 200
vears using 1995 data as the initial condition. Initial sources in the 100 and 200 areas werc
modeled. The only sources of future releases of contaminants considered during the
simulations were for tritium, which considered releases from the Effluent Treatment
Facility (ETF), and for carbon tetrachloride, which considered releases from the 216-Z-9
trench. Limited sensitivity analyses were carried out to provide some estimate of critical
parameters and the effect of uncertainties. For those contaminants that contribute to risk,
an estimate of cumulative risk was made using the industrial and residential scenarios
defined in HSRAM (DOE/RL, 1995d).

2.1.2 Envnrmﬂn

al Restoration Disposal Facility

A remedig T
complete thé¥mpacts of construction and operation of the Environmental
Restpration Disposal Faqg[gy (ERDF) located in the south-central part of the 200 Area
:RI/FS was to support the goals of the Tri-Party Agreement for
from portions of the Hanford Site (including near the
in.allow those remediated portions of the site to be

background and 2) were also compared to risk-base
a list of contaminants of potential concern. HEE

groundwater contaminanis.

This analysis used a fate and transport spreadsheet model that was develops
hydrogeological conditions of the ERDF site, the physical and chemicalifit
waste form, and the fate and transport properties of each contaminant €@nstituent. The
estimation of these parameters relied first on the ERDF-specific information and then on
Hanford Site background information, when available. Saturated zone parameters included
1) the average hydraulic gradient estimated at ERDF (0.0035) from water table conditions
in December of 1991, 2) saturated hydraulic conductivity of the uppermost aquifer (30
m/day) estimated from pump tests results from wells near the ERDF, 3) an assumed
saturated zone porosity of 0.30, 4) saturated zone density of 1.6 kg/L., and 5) a saturated
zone mixing depth of 5 m.



The methodology described above and summarized in more detail in Appendix A of
DOE/RL (1994b) was used to evaluate in more detail the various alternatives considered in
the RI/FS including: 1) a no action alternative and 2) a series of alternatives focusing on
specific design characteristics associated with the- implementation of the ERDF. The latter
set of alternatives considered the impacts of implementing various combinations of liners,
low-infiltration soil barriers, RCRA-compliant barriers, and the Hanford Protective Barrier.

2.1.3 100-Area Remediation Activities

A number of mi
focused feas§
here in ¢

:activities has been carried out recently in the 100 Areas to support
%s and interim remedial actions. The activities briefly summarized

Strontium-90 transport was simulagés ) - 100-N Area to estimate the effect of the LWDF

imgonfined aquifer at the shoreline of the Columbia River
aanhider a no-action alternative. Water
diickincges to the LWDF.,

saturated zone. A similar study using theé samgtiode:
100-N Area (Lu, 1990). PORFLOW-3 was uség:¥p
dimensional domain consisting of the unsaturated:
Reasons given for using both models were complgi
maintenance procedures and previous use at theiHag
used a Cartesian grid with variable gnd spacing and a totg 1of 34,81
by 34 by 34 grid cells). y :

E!W-3 model
grid cells (32

The Columbia River was modeled as a constant head boundary that wias allowed %y
over time according to the observed seasonal change in river elevation. The botigsatil
model domain was a no-flow boundary, representing the upper mud unit of th
formation. A small, constant flux was applied at the top boundary to repr F i
average recharge of 5 mm/yr. The remaining three sides of the domain zonstant hea
boundaries, with the head values set to result in a gradient across the .do#iséin of 0.00095,
the observed gradient in 1964 (the year discharges to the LWDF began¥:“The discharge of
water and strontium-90 from the LWDF was based on available data. Discharges were
estimated for those years with no data.

Since the model explicitly simulated flow in the unsaturated zone, moisture retention
charactenistic parameters were required. These were estimated from ten soil samples
obtained in the 100-N Area for this purpose. Parameters for each of the samples were
estimated using a curve-fitting program. Parameters from the sample judged most
representative were used in the numerical model (i.e., the unsaturated zone properties were

8



homogeneous). The average saturated hydraulic conductivities were estimated from
previous studies. Horizontal hydraulic conductivities were taken to be ten times the vertical
values. Hydraulic conductivities were assumed to be homogeneous within the Hanford
and the Ringold formations.

Effective porosity of the vadose zone was based on the moisture retention of the
representative soil sample. Effective porosity in the aquifer was based on a previous
study. Specific yield and dispersivities were based on literature values. The diffusion and
distribution coefficients were based on previous studies of Hanford sediments.

ow model compared simulated and observed arrival times of a
1 ahdiwater table elevations in July 1969. The only parameter adjusted
fic cond;.‘[qt'lwty The arrival times and the water table elevations could not

Calibration usigj
conservative:sg

e T 1gs in 1974. The parameter adjusted was the
distribution coefficnem A lazigs piue f%}g_mls parameter was applied over a thin layer (0.68
m thick) beneath the strongius:9l] source

1974, although therex
The limitation of this cal'bratton

Results from the model were sh

calculate doses.

2.1.3.2 Evaluati

An additional model of the 100-N Area groundwater wasi
of proposed interim remed:al alternatives to limit the fli

barrier wall, w1th and wnhout a pump and treat system

Two codes were used in this modeling activity. Flowpath was used to mod ﬁ

........ flow and
transport in cross-section. Both codes use the finite difference method..: Bifl¥'models

looked at saturated flow only (i.e., flow and transport in the unsaturaigdizéne were not
considered). Both models used Cartesian gnids with variable node spaciiig. The plan-view
model based on Flowpath used 1334 nodes with cell size varying from 25 feet by 25 fect to
1000 feet by 500 feet. The cross-sectional model based on PORFLOW used 5100 nodes
with cell size varying from 0.25 feet by 2 feet to 1 foot by 2 feet.

- Steady-state flow conditions were assumed for both models. Although the daily and
seasonal variation in the Columbia River stage was acknowledged it was assumed that the
presence of the barrier wall would lead to steady-state conditions in the region of concern.
The head along the river boundary was set at the mean yearly river level from automated.

9



hourly measurements during 1993, taking into account the measured downstream river
gradient. A no-flow condition was set along the vertical barrier wall. For the plan view
model based on Flowpath, the top and bottom boundaries were no-flow (i.e., recharge and
discharge to/from the confined aquifer were assumed to be nil). Sensitivity of the model
results to a non-zero recharge was examined. The remainder of the boundaries were
assumed to be constant head boundaries with individual nodal head values determined from
an interpolated map of March 1994 water level measurements.

For the cross-sectional model based on PORFLLOW, an assumption was made as to how
high the steady-siglg water level would be in the presence of a vertical barrier wall. This
assumption was ].on the results of previous modeling. The water level vaiue arrived
at was applw fheigp-gradient boundary for those cases in which a barrier was used.

' bound_aiies were no-flow as was the down-gradient boundary representing

bounda.ry and.
to the top of the unconfine

Vertical hydraullc conduct1v1ty
conductivity in the mud unit w
unit, conductivity was xsotropi

nstant and was based on existing
ficient for strontium-90 was

one-tenth the size of the gnd cell. Transverse drspexémty
longitudinal value.

A number of remediation alternatives involving vemc Barrier wallsigf
and various number of pumping/injection wells were simulated with the plan view
Strontium-90 concentrations at the river were estimated from calculated travel §j
interpolated initial concentrations. The extraction wells were found to have
on the flux of strontium-90 into the Columbia River. The effect on strongigi¥i

varying the position of the bottom of the barrier water (from 1.2 m intg; Al
m above the mud unit) was examined with the cross-sectional model

:2.1.3.3 Bank Storage eling a

Previous modeling studies have been conducted at the 100-N Area to estimate the release of
strontium-90 from groundwater to the Columbia River (Lu 1990; Connelly et al. 1990;
DOE/RL 1995e, 1996a). All of these previous studies, except for Connelly et al. (1990),
assumed a constant head boundary for the Columbia River based on the annual average of
the river. Annual, seasonal, and daily changes to the Columbia River’s stage are cyclical

10



and modeling the river on an annual average may not adequately describe the interaction
between the Columbia River and the groundwater system at the 100-N Area.

A recent report by Connelly, Cole, and Williams (1997) documents modeling results from
arecent application of a two-dimensional cross-sectional model of the Columbia River,
unconfined aquifer, and vadose zone in the 100-N Area. The model, based on the
Subsurface Transport Over Multiple Phases (STOMP) code ( White and Oostrom, 1996,
1997; Nichols et al., 1997) was used to simulate the interaction between the rise and fall of
the Columbia River and the unconfined aquifer and the capillary fringe directly above the
water table in the:#00-N Area.

The cross-seé

northwest:of: W 37. Grid cells varied in size from 0.5 by 0.5 m at the vadose
zone SEEpAgE | 3%:8,5 meters away from the vadose zone seepage face. Of the
10,286 g 585 cells lie above the Columbia River bed or on the land
surfi

.was based on geologic data from boreholes drilled in

sgeologic units considered included the Hanford
Ulich 14:4:variably cemented pebble to cobble gravel with a
fix. Thevesgical sequence modeled ranged from an

where the base of the model was assumed to

e The lower boundary on t
boundary.

e The left boundary in the river was set as a no flow

* Nodes on the river bed were set to a time-dependent constant head bout
real-time river stage measurements made at the 100-N Area river monif

Initial estimates of hydraulic conductivity and porosity were develo

sed on aquifer
tests and soil analyses collected near the 1301-N and 1325-N facilities.* Estimates of the
unsaturated zone hydraulic properties were also made using available information on
hydraulic conductivity, particle density, specific storage, porosity, and the assumed van
Genuchten curve fitting parameters. The estimates of hydraulic conductivity and porosity
were varied to calibrate the model to transient observed water level measurements in wells
between the Columbia River and well 199-N-67.

A 125 hour transient simujation was used to develop initial conditions for a four-week
penod of simulation. During this period, the model was used to simulate the transient
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interaction of the Columbia River and the unconfined aquifer in one-hour time steps.
Because of the large volume of data generated by the simulation, the modeling results were
summarized in an innovative time-series animation of river stage and aquifer head
fluctnations during the period of simulation. This animation was used to display changes
in water travel times in the riverbank and water flux calculation to and from the Columbia
River due to both bank storage and regional groundwater gradients.

Results of the modeling demonstrate that the variation-in Columbia River stage has an
impact on the near river unconfined aquifer system. A comparison of transient and steady
state water particleitracking analysis showed that consideration of the cyclical transient
conditions of thEiIvat.can increase water velocities over velocities calculated for steady
imass calculations also demonstrated the importance of bank storage

used groundwater flow and Z

chromium contaminations:;F¥ ""modeli"ﬁﬁéactlvmes are described in DOE/RL (19954, b.
Ing:ANES] 5:#ie used for design purposes or for quantifying a

"1ency Separate models were developed for

model and matchmg water table data from 11/16/93. Fer the 100-Dijn smgle
layer for the aquifer was used. The hydraulic conductivity was uniform except f: imited
area around a set of four wells. For the 100-H Area model, a second layer repy Hgihe

Ringold formation was added to improve the calibrated fit. Different Condl_.l§£ i!igs'wem

the river.

A sensitivity analysis of the 100-D Area transport mode] was performed to gauge the
sensitivity to porosity, dispersivity, and retardation. A calibration of the 100-H Area
transport model was performed by adjusting model dispersivity, retardation and porosity.
A table was provided listing the parameter values used in the calibration runs. Observed
chromium concentration data from October and November 1992 was used to evaluate the
calibration. The parameters resulting in the lowest mean error were used.
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Various modifications to the basic model were made to simulate each of the remediation
alternatives, including the modification of conductivities (to represent a barrier wall) and the
location and pumping rates of injection/discharge wells. Simulation times varied from 14
to 21 years. .

2.1.3.5 Interim Remedial Action Design in the 100 Areas

Addmonal modelsawere developed of the 100-HR-3 and 100-KR-4 operable units to help
i ent of new wells and the use of existing wells to support the pump and
i&ftion, and to estimate extraction/injection rates for design (ERC.

The MicroFem code was used for this design study. This code is
ement flow simulator with built-in pre- and post-processing and

and on a water table map of June 1995 “The'hi
Ringold contact for the 100-H Area mode! and
Ringold formation at 100-D.

aqulfer thickness was assigned based on mterpolatmns ‘of water lev&I idata and
Hanford/Ringold contact data. Transmissivities were therefore spatlally variable!
Calibration was conducted using a steady-state flow model and comparing predig
observed heads for 1/94 to 8/95. The resistance term between the river and i
varted.

For the 100-D Area model, aquifer thickness was assigned a uniformyivglae because there
was insufficient data to support a spatially variable thickness. Transmi$$ivity was based on
a weighted average of the Ringold and Hanford formation conductivities, which were
average values from limited aquifer test data. Weighting was by the estimated thickness of
the Hanford and Ringold formations. Calibration was conducted using a steady-state flow
model and adjusting the constant head values at the boundaries and attempting to match
water level data from 6/93 to 5/95.
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For the 100-K Area model, thickness and transmissivity were assumed constant.
Conductivity was based on limited aquifer test data. Calibration was similar to that used for

the 100-D Area model.

Steady-state flow fields were calculated for the 100 D and 100-K Area models. Five-vear
transient simulations were carried out for the 100-H area. Streamlines and capture zones
were calculated for a number of pump and treat scenarios (different well placements and
injection/extraction rates). No simulations of contaminant transport were conducted, but
concentrations in the 100-D Area were estimated based on the flow model results.

B ediation Activities

5 Were to assess impacts of changes in the water table
: BS for the pump and treat, to design and evaluate
ydrauh{: control and containment, and to predict

d travel: lines.

4l for the following stated reasons. It was being
gheisihc 200 Area results could be more easily

gradients.
approximate the water table conditiogs
Hanford Site.

was made up of six elements, equally divided o
each node location in the horizontal plane.

based on the June 1993 water table map. Artificial recharge from site operatm
applied at appropriate locations, but the natural recharge was assumed to be:#&::
represent the conditions in 1976, a large artificial recharge was applied to:k ;asmer of the
200 West Area model and a steady-state simulation was performed Thds S:eady state
solution was used as the initial condition for transient solutions in whlci'l i#he artificial
recharge was gradually reduced. Recharge fluxes were based on previous studies.

Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b)
modified by more recent data. Where data did not exist, average values were used.
Conductivity was uniform in the vertical direction except in a region where the aquifer
becomes quite thin. Four of the elements in the vertical direction were made inactive in this
region to avoid computational difficulties. Conductivities were isotropic in the horizontal
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plane. Vertical conductivity was assigned a vatue one-tenth the horizontal conductivity. A
spatially uniform effective porosity value was used in the travel time calculations.

The transient simulation (with decreasing artificial recharge) used the steady-state
simulation results as an initial condition for 1976. The simulation results were qualitauvely
compared to the June 1993 observed water table. Significant differences in the predicted
and observed heads were noted, but no boundary condmons or parameler values were
adjusted to provide a better fit.

5 up to 150 days. In addition, the uncertainty in the spatial
distribution af: j.ﬁ‘&lﬁl gonductmty was recognized and a single simulation was carried

—'T..

prehensive Land Use Environmental Impact
to facilitate the change in Hanford's primary
riads.for national defense to environmental
tes. As part of this transition, the DOE must

nds, facnlmes and resources and how these

technical planning, project
iiaf past-practice waste sites and

it the process of determining the
efits, and rerpediation costs.

e ensure that site-wide future land-use objectives are aonmdercd dmmg the séie
remediation methods K

¢ develop a comprehensive land use plan for the Hanford Site in accordang
Order 430.1, Life-Cycle Asset Management

 identify the irreversible and irretrievable commitment of natural resdiitces necessary to
implement the Richland Environmental Restoration Project Plan.

As a part of this EIS, environmental consequence analyses were performed to evaluate the

potential impacts of various land use alternatives. The future land-use alternatives
considered are described as follows:

e Unrestricted Land Use. Residual contamination does not preclude any human
uses; however, access or certain uses might be controlled for other reasons, (e.g.,
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physical hazards, cultural resource protection, habitat protection).

¢ Restricted [Land Use. Residual contamination precludes some human uses;
restrictions could apply to the use or disturbance of surface soils, subsurface soils,
surface water, or groundwater.

s Exclusive Land Use. Potential health risks due to residual contamination would limit
use and require strict controls on access. Use of the area would be limited to the

., soils, groundwater), thcn aggregating the waste sites into |-
id ovcrl_ggg,on the Hanford Site. The potcntlal contaminant release
and transport gi‘l € envir %:from each 1-km’® (0.4-mi%) cell was estimated using
the Multlmedra-'EnvironmanaI" Hurtast:: .ssessment System (MEFPAS) computer model

P

(Droppo1991), which w:.:\s deveped by

shig ] algg igl receptor mlght be exposcd Source-term data
were complled from the"Wastc IniL feiifoniData System, Solid Waste Information

Tracking System (SWITS), and Hanfotd Environmental Information System databases,

The risk to a given receptor w
transported from a source to that" recg

'presentf‘ﬁﬁ
and tracked until they reached a model boundary. Slraxght line approximations t
paths were then used in MEPAS to describe the travel paths from waste sites - i

i ﬁergys and
Solute Transport (CFEST) (Gupta et al. 1987) groundwater code mtegrated with an
ARC/INFO database of site properties. The model is used to support work for the Hanford
Groundwater Monitoring Project.

The commercially available geographic information system (GIS) ARC/INFO has been
integrated with the CFEST groundwater modeling code (Cole et al. 1988; Gupta et
al.1987). A series of ARC/INFO macro routines and FORTRAN utility programs have
been developed to create an ARC/INFO-CFEST interface. For example, an ARC/INFO
macro may be used to select elements that represent starting points for particie travel
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analyses. A FORTRAN utility program would then generate a command file used to
execute the CFEST travel path module. Another ARC/INFO macro has been written to
create a triangular irregular network surface from CFEST output from which contour maps
can be generated. Additional ARC/INFO macros for grid generation and parameter
assignment are being used in support of the three-dimensional model development under
the Hanford Groundwater Monitoring Project.

2.1.6 Hanford Groundwater Project

Groundwater moduhng 1s being used to actively support key objectives of the Hanford
iwhich include 1) to identify and quantify existing, emerging, or
g1ality problems and 2) to assess the potential for contaminants to
ite through the groundwater pathway.

994), a two-dimensional

wiisfised to evaluate the impact of
‘fl¥e unconfined aqu1fer The model

#lls in the opesgiling areas (100, 200,

was used to predict water-level declines in seléé
300, and 400 Areas) and the 600 Area.

several decades to come and that a large number of o
impacted.

Drinking W stems and Groundwater
A three-dimensional numerical model of groundwater flow and transpéifibased on the
CFEST code, was developed for the Hanford Site to support the Hanford Groundwater
Project managed by PNNL (Thorne and Chamness 1992, Thomne et al. 1993, Thorne et al.
1994 and Wurstner et al. 1995). The model was dcveloped to increase the understanding
and to better forecast the migration of several contaminant plumes being monitored by the
project.

Recent modeling efforts have focused on continued refinement of an initial version of the
three-dimensional model developed in 1995 (Wurstner et al., 1995) and its application to
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simulate future transport of selected contaminant plumes being monitored in the aquifer
system. This version of the model was updated using a more current version of the
CFEST code called CFEST-96.

In this conceptualization of the unconfined aqunfcr system, the lateral extent and
relationships of the major hydrogeologic units of the Ringold and Hanford formations were
defined. Contacts between these units were identified at as many wells as possible. These
interpreted areal distributions and thicknesses were integrated into EarthVision, a three-
dimensional visualization software package, which was then used to construct a database of
the three-dlmenslmlal_ site conceptual model. The resulting conceptual model contains nine
hydrogeologic, i hove the uppermost basalt. A brief summary of each of these units is

-'Preserves the two-dimensional hydraulic properties
ge-d mims:onal properties for the same 1979 water-table

; afial flow model was also calibrated by adjusting
model storage properties (spemflc' §6:143:7¥] transient water-table predictions

approximated observed water-tabé:glgvations between 1979 and 1996. Following the
steady-state and transient calibratigns,

__________ :signiﬁcantly and returned to near
pre- -Hanford water-table conditions that were @sHmatid 2o exist in 1944. Over this period.
model results showed that the water table will df ' ; '_';the 200-West Area
and 7 to 8 m in the 200-East Area near B Pond. Jfig:dreas that were:fil

different from the estimated 1944 conditions inghisigx A
plateau, where higher predicted hydraulic heads*¥gflect bouni
the effect of increased irrigation from areas up-gradient of $h& vt
area north of Richland, where the model considered théhydrauhc %
Richland well field.

time, the overall water table, including groundwater mounds near the 200-East area will
decline, and groundwater movement from the 200 Area plateau will shift to a more west-to-
east pattern of flow toward points of discharge along the Columbia River between the Old
Hanford town site and the Washington Public Power Supply System facility.
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Table 1. Major Hydrogeologic Units Used for Three-Dimensional Model

Developed by PNNL

Unit
Number Hydrogeologic Unit Lithologic Description
1 Hanford formation/ Pre- Fluvial gravels and coarse
Missoula Gravels sands
2 Palouse Soil Fine-grained sediments and

eolian silts

Buried soil horizon

Phio-Pleistocene Unit
: containing caliche and
basaltic gravels
Fine-grained
fluvial/lacustrine sediments
Semi-indurated coarse-
grained fluvial sediments
Fine-grained sediments with
some interbedded coarse-
_grained sediments
Coarse-grained sediments

Lower blue or green clay or
mud sequence
Fluvial sand and gravel

Area plateau. Each of the transport siriiulations
flow conditions, and a high-resolution, finite-e}
calculations in the areas of current and future coxn

#d on the predlcted future transient-

expected to remain ‘above the 20,000-pCi/l level until sometime bctwecn 2010 ark
After that time, tritium will continue to decline to below 500 pCi/l, at some time:}

impacted by elevated levels of iodine-129. Model- predlctcd levels of 10dme 129 suggest
that, within 20 to 30 years, iodine levels in excess of 1 pCi/l originating from the 200-East
Area would be found about halfway to the Columbia River. The iodine-129 plumes
originating from 200-West Area will be expected to migrate slowly toward 200-East Area
but model results suggest that Jevels in excess of 1 pCi/l would not reach 200-East Area
within 30 years.

Projected future levels of iodine-129, technetium-99, uranium, and strontium-90 show that
none of the identified water supplies on the Hanford Site, including those in the 200-East
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Area near B-Plant and AY/AZ tank farm, will be impacted by future transport of these
contaminants.

2.1.7 Composite Analysis

In response to Recommendation 94-2 of the Defense Nuclear Facilities Safety Board
(DNFSB), DOE has directed field sites to include in site performance assessments an
analysis of the impact of other radioactive sources that could add to the dose from active or
planned low-level waste (LL W) disposal facilities. In response to this, an initial comnposite
analysis of the Haﬁﬁord Site was initiated in FY 1996 and is currently being conducted as

site program & SeTifiean

contaminants froe Hanford LI.,:__ :
expected to contribute to theipreeiit
sources. Forecasts of rgjﬁ ;

_facnlmcs and graphltc cores
groundwater modeling strategy
i be modeled, the sources and
:i#ibe used for calculating both the
raiagport 51mulat10ns in the unconfined

radionuclides to be included, and the':'t-’ypes
releases 1o the water table and long term flow
aquifer.

The scope of the groundwater pathway analysi qéh isb ~ ~
groundwater flow and transport model devclopelf:’by PNN , iFord
Groundu ater Project, s to assess dose impacts for thq_gﬁ' 1

examining the transport of these current and future contaminant plumns from pré:
conditions to about the year 3000. The hydraulic basis for these future transport .
was developed by using the three-dimensional model to simulate transient flowl
the unconfined aquifer in response to anticipated reductions in Hanford wast;
discharges in the near future. Model results show that the water table w
steady-state conditions within 100 years; final steady state would be e
2500.

Forecasts of concentrations of key radioactive contaminants simulated in the transport
calculations provide the basis for final dose calculations using standard dose conversion
methodologies and exposure scenarios and parameters identified by the HSRAM (DOE/RL
1995d). Dose impacts from the existing plumes and future releases of contaminants are
being assessed in the area outside of the waste management exclusion areas and the
surrounding buffer areas established by the Future Site Uses Working Group. Potential
dose impacts to the public after site closure in 2050 for four potential exposure scenarios
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derived from HSRAM (the agricultural, residential industrial, and recreational exposure
scenarios) are being evaluated.

Because of the large uncertainties anticipated in eurrent estimates of waste inventories. final
end-states of many LLW disposal facilities, and the future releases of contaminants to the
aquifer from the variety of potential sources in the 200 Area plateau, this initial composite
analysis is being viewed as a first iteration that will require revisions and refinements as
records of decisions and end-states of facilities are negotiated under the Tri-Party
Agreement framework. The next iteration of the Composite Analysis 1s currently planned
to be conducted sgarting FY 1999.

i .tubal stakeholder, and public involvement, a CRCIA
Btatlves of the Confederated Tribes of the Umatilla

assessment to evaluate the port‘mm] impact to the: i
Hanford-derived contaminants {i¥ order to.s

Chemical and phys:cal characteristics of the contaminants must be cons:dered-s he
dependence of these characteristics on soil type, groundwater chemistry, an Presefies
of other contaminants. Radioactive decay must also be included where aps e.

to the Columbia River, whether through seeps, springs, or the river bottom, and the effect
localized hot spots of contamination might have on river biota. In particular, groundwater
influx locations must be identified and the expected contaminant flux at these locations
estimated. This requires an understanding of the interaction between the river and
groundwater and a spatial discretization that provides a realistic representation of critical
points of exposure.
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A number of scenarios are required to be exarmined in the CRCIA analysis. These include
modeling the groundwater recharge rate in such a way that the impact to the river from
Hanford is maximized. Similarly, dilution of contaminants in the groundwater should be
modeled to maximize the impact. :

CRCIA requirements inciude an explicit, quantitative evaluation of the uncertainty in
predicted impacts. This includes considering the uncertainty in the timing and magnitude of
predicted peak concentrations. An explicit, documented definition and validation of model
structure and the parameters used are required. When local-scale models are used, they
must be consistengly integrated with the larger-scale models, including the use of consistent
boundary congit and the maintenance of conservation laws across scales.

5:is required for CRCIA. A suggestion is made that this can best
ning successive, iterative analyses using progressively more
;.the analysis must include the dominant factors contributing to
thave an acceptably low level of error, distortion, and bias, and

@Fe:a number of software requirements on the design,
ciglés. These include code verification and validation,

. erformance assessments of solid waste burf.
p

e permitting of liquid effluent facilities includj
Site associated with the ETF

solid waste environmental impact statement

Areas

Since September 26, 1988, performance assessment analyses have been re.q‘
Order 5820.2A to demonstrate that DOE-operated waste disposal faciliti
DOE-generated low-level radioactive wastes can comply with perfo

quantified in the order and summarized in Table 2. Two separate perféf#iance assessments
(Wood et al, 1995 and 1996), that have included use of groundwater modeling have
recently been completely for new solid low-ievel waste disposal facilities located in the 200
East and 200 West areas. The following is brief description of the scope and specific
groundwater modeling activities carried out to support these analyses,

The performance assessment of the 200 East Area low-level burial grounds (LLBG)
examuned the long-term impacts of LLW and radioactive constituents of the low-ievel
mixed wastes (LLMW) disposed in waste burial areas in two locations: 1) the active 218-
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Table 2. Performance Objectives Used in the Performance Assessments of the 200
Solid LLW Burial Grounds

Exposure Pathway Time Period (yr.) Performance Objectives

All pathways less than or equal to 10,000 | 25 mrem/yr.

Drinking Water,;:i less than or equal to 10,000 | 4 mrem/yr.

E-10:% ‘ground and adjicent burial grounds in the northwest corner of the 200 East

Arei ard: 2) the active 218—E—12B burial ground and adjacent inactive burial grounds
comfier of 200 East Area. A separate analysis was included to

( zartment wastes disposed of in trench 94 of the 218-E-

as-s:tuated along the west boundary of 200 West
, analysns included 218-W-3A, 218-W-3E, 218-
W4C, and 218-W-5. Low- lcve§~ astes disposed in rcnred or inactive buna] grounds
before September 26, 1988, (2}
considered in this analysis.

involved a drmkmg water scenario where only mgesnoﬁ f contamits
unconfined aquifer was considered.

The conceptual model of the analyses by Wood et al. (1995 and 1996) focuse
incorporating two general processes that fundamentally control projccted.og') f:
radionuclides released from the LLW disposal facilities 1n groundwater:sa'v

radionuclide activity mixes with the volume of groundwater determined by the regional
flow charactenstics to flow beneath the facilities. To represent these processes, Wood et al
(1995 and 1996) assumed that the waste volume representative of the total wastes disposed
in the LLW facilities could be approximated by a three dimensional rectangular box
projected onto a two-dimensional plane oriented parallel to the general direction of
groundwater flow.
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The numerical representation of this conceptual model was established in a two-
dimensional cross-sectional model based on the VAM3D-CG code developed by Huyakorn
and Panday (1994) that extended from the disposal facility to the uppermost 5 meters of the
unconfined aquifer. The position of the water table in the cross-section was estimated
using the site-wide model developed for use in the performance assessment {see appendix
E of Wood et al., 1996). The model was used to estimate steady-state post-Hanford site
conditions underlying the various LLBG areas.

The radionuclide release modeling results for the representative two-dimensional cross-
section were extragiplated to different waste volumes and waste inventories. The following
points are key.a :of the extrapolation process:

not propomonal to the inventory; 1ti :
concentration, the infiltration rate an¢5'
occurring.

diffusion coefﬁmcnt

e The volume of groundwater that mixes with the radionuclides released:
is proportional to the linear dimension of the waste volume footprint$fat:
perpendicular to the direction of flow. Relatively little dispersion‘igglifowed in the
model and the area over which the groundwater and the contaminant plume intersect is
essentially the same as that of the area undemneath the waste volume. The orientation of
the areal footprint of the waste volume relative to groundwater flow remains constant.
Thus, as the linear dimension of the footprint perpendicular to flow decreases or

increases, the volume of mixing groundwater increases or decreases.
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2.2.2 Liquid Effluents Program Support

Under the Hanford Site State Waste Discharge Permit Program, the site discharges treated
cooling and wastewater to the soil column at several locations in accordance with the
Washington State Administrative Code (WAC) 173-216 and DOE Order 5400.5.
Individual discharges permits include the following sites:

;performed to support ongoing permitting

lte located Just nortiif the 200 West Area (Barnett et
dizd Disposal Site (SALDS),
is ‘allg ti to infiltrate through the soil

a highly refined and detailed three-dimensional sub-model of the uncowﬁnt;d aquifer in the
immediate vicinity of the SALDS.

A comparison of resuits from a number of numerical modeis applied to ETF in the past
indicated that earlier predictions of facility performance which showed tritium migration
from the SALDS reaching the Columbia River, were too simplified or overly conservative
in their assumptions of source term release. The most recent modeling showed that, when
reasonable projections of flow and tritium discharges at SALDS are used, concentrations of
tritium above 500 pCi/l migrate no further than 1.5 km from the facility.
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2.2.3 Solid Waste Environmental Impact Statement

DOE has announced its intent to prepare an environmental impact statement (EIS) for the
Solid Waste Program at the Hanford Site. The Hanford Site Solid Waste Program manages
several types of solid wastes at the Hanford Site, including low-level, mixed low-level,
transuranic and mixed transuranic, and hazardous wastes, and contaminated equipment.
Mixed wastes contain radioactive and hazardous components. Other solid waste types (i.c.,
municipal solid witste, high-level waste, remediation waste) and spent nuclear fuel are

groundwater modeling 1o
emcdlgigggl System Program. These
summaries reflect information prov1ded-'by fachnki broject managers and contractor
personnel from Jacobs Engineering Group, I FIEGT) and Lockheggd-Martin Hanford

1zed include, $Hg&iassociated with the

following key TWRS projects:

¢ TWRS Environmental Impact Statement
¢ Hanford Tank Initiative
e Performance Assessment of the Hanford Low Activity Waste Digposal Fac

2.3.1 TWRS Environmental Impact Statement

This environmental impact statement addresses actions proposed by EX manage and
dispose of radioactive, hazardous, and mixed waste within the Tank Wiste Remediation
System program at the site (DOE 1996b). The waste includes more that 177 million curies
in about 212 million liters of waste stored or to be stored in underground tanks in the 200
Area plateau. This EIS also addresses DOE’s plans to manage and dispose of 1930
capsules containing 68 million curies of cesium and strontium.

As part of this EIS, environmental consequence analyses were performed to evaluate the

impacts of a number of tank waste management alternatives including continued
management alternatives with no retrieval, minimal retrieval alternatives, partial retrieval
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alternatives, and extensive retrieval alternatives. The groundwater part of the consequence
analysis evaluated contaminant transport through the saturated unconfined aquifer using the
aquifer model based on the VAM2D code (Huyakorn et al. 1991) at each of the eight tank
source areas and the LAW disposal facility.

A conceptual model was developed for the unconfined aquifer that included Hanford Site
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and
corresponding flow and transport parameters. The conceptual model was used to guide the
setup of the numerical model. A grid spacing of 250 m (820 ft) was established for the
Hanford Site and.gigrlain onto a site map containing physical features and the source area

boundanes Noiﬁ i} m}gers of model boundarles (c g basa]t outcrop and sub-crop areas,

}’also meant that the mounding

e was recognized as a present-

from U Pond and B Pond would bee
day condition that may dlss1pate over:th
waste management practices. It is conservati
and risk perspective to determine groundwater it
the vadose zone would be thinner in the 200 Wes 200 East
trave] times would be faster to the groundwatersiiting in hfx.gh
groundwater and higher risk. The travel time in‘tse: unconf"m iy

provides conservative, comparable results for each altetfiative, cspecia:ﬂy in llghL
uncertainties of waste disposal practices and how they would affect the present

groundwater mounds, future land use such as irrigation to the west of the site ag
site, uncertainty in the depth of contamination in the unconfined aquifer, and-
change.

Once the initial flow modeling was completed, input files were develipesito perform

transient transport modeling from each source area for each of the alterniatives. The results
of the vadose zone modeling were used to develop input records for the groundwater
model. Consequently, each groundwater simulation calculated contaminant levels in the
unconfined aquifer resulting from a single source area. These were later combined during
post-processing to represent contaminant levels from all source areas.

The approach of performing separate contaminant transport simulations for each source
area and each Kd group and later combining the results during post-processing allowed one
model] simulation to represent all contaminants with sirilar mobility from one source area.
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232 Hanford Tank Initiative - AX Tank Farm Retrieval Performance
Evaluation Criteria Assessment

A screening level sensitivity analysis using the MEPAS code was carried out with the stated
purposes of identifying and ranking transport parameters and evaluating the importance of
transport processes in the vadose zone (JEGI, 1997). The screening analysis was intended
to help focus development of more detailed two- and three-dimensional models and to help
define the data needed to reduce uncertainties in the risk assessment process.

MEPAS was chosgi:b
flow and transgi
conservativeie
advantages:ii

wide apgifiiation, an intégzated risk analysis using accepted procedures, a coupled database

ecause it is a screening code (i.e., it uses relatively simple models for
thus is relatively undemanding computationally, and it can provide

1ESY apidhas a built-in sensitivity and uncertainty analysis capability. Other
& inciudgéview by a number of government agencies and other groups,

I and radionuglide properties, and a user-friendly interface.

The structiife. of the MERAS code reguired a steady-state flow analysis with one-
dimensiona:fléwiin: ¢ ainsaturagifizone. Based on detailed geologic studies, a simplified,

gtiiructed for the AX tank farm. Soil parameters were
watiofkdn and near the 200 East and West areas (Khaleel

nine-layer vadéss #oné model
based on data from a numbet:

were obtained from the:Sai
model: the influence 6§j§fanspo
preferential transport via the annu
enhanced infiltration around the ¢
The restrictions of the MEPAS £
mechanisms. '

veraleenarios were evaluated with the numerical
guteld Sorption near the tank release, the influence of
3¢Th boreholes or via clastic dikes, the effect of

& and the effect of unsaturated zone heterogeneity.
Himited the abili accurately model these transport

Detailed modeling at the AX Tank Fariiig bajisg carri
both the unsaturated and saturated zof Fazinal cs
The purpose of the detailed modeling is to evaliiin. aftkt
options at the AX tank farm. The saturated zone'

dimensional model results will be compared to the three-dimensional Hanford Grg
Project model results as a validation exercise. A preliminary draft report for DQE: F&utEms:)

scheduled for completion in April 1998; a public draft is due in June 1998. .

2.3.3 Hanford Low-Activity Waste Disposal Facility Perfo
Assessment -

The Hanford low-activity waste disposal facility performance assessment provides an
analysis of the long-term environmental and health impacts of the on-site disposal of
Hanford low activity wastes (LAW). DOE/RL is currently proceeding with plans to
permanently dispose of radioactive and mixed wastes that have accumulated over the last 50
years in single- and double-shell tanks in the 200 Areas of the site. Based on the Hanford
Federal Facility Agreement and Consent Order (also known as the Tri-Party Agreement or
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TPA), waste currently stored in single- and double-shell tanks will be retrieved and
pretreated to separate the low activity liquid fraction from the high-level and transuranic
wastes. The LAW fraction will then be vitrified and disposed of on-site in a near-surface
disposal facility located in 200 East Area.

DOE Order 5820.2A (DOE 1988), which is the primary regulation governing the
management and disposal of radioactive wastes at DOE facilities, requires the preparation
of an assessment of the long-term environmental and health impacts of the proposed
disposal facility for DOE approval.

To date, an in W performance assessment (ILAW PA) has been prepared to
provide as g ble an assessment of the effects of the disposals using availabie
site-specifi he initial draft of the [LAW PA was completed in FY 1996 and
is currestlyi#nder review::Final publication of the ILAW PA is planned for FY 1998. The
data: formation use(fin the calculations of the [ILAW PA are summarized in Mann
(1995 fhation documented include the disposal site locations, geology,
waste IfveRto imatesiof recharge, disposal package and facility design, release rates
from glassizua orms; hydrologiéigarameters, geochemical parameters, and dosimetry.

GpE) @ls and technical approaches used to generate the
values described.

Most of the data used.d ‘

final LAW PA of the disposal facilities based
spigeatic, and facility-specific data that are planned to
be generated over the next two toifhie years.

R
(1995) between the PUREX plant apg
generated as wastes are retrieved frorgifi¥igls

duble-shell tanks for vitrification
j€ previously constructed grout

disposal facility just east of the 200 East area, w odified to regiive initial quantities
of vitrified wastes from private vendors while the i ARk

developed and constructed.

¢ modification of four existing concrete disposal vaults at the grout site igi
provide access for the immobilized low-activity waste containers H

¢ placement of the LAW containers and filler material in the modifi¢ ts with the
intent of future disposal in the grout facility T

¢ construction of the first set of next-generation disposal facilities at the principle LAW
waste site

* emplacement of LAW containers into these next generation disposal facilities.

The transport analysis of contaminants from the disposal facility considered the key
physical and chemical processes causing release from the glass waste form and subsequent
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vertical and lateral transport through the vadose zone to the underlying groundwater. Once
in the groundwater, environmental and health impacts were evaluated 100 m down-gradient
of the facility and at the Columbia River. Groundwater impacts down-gradient of the site
considered the dilution of contaminated vadose zone water in groundwater and additional
dilution created by a pumping well assumed for the family farm scenario.

The ILAW PA used the PORFLOW code to model both moisture flow and contaminant
transport in the vadose zone and groundwater. Seven codes were investigated in detail,
while an additional nine codes were considered based on earlier reviews, Although several
codes had many of:the required and desired features, the PORFLOW code was the only
code considergifiigihiave all required and desired features. A major consideration was the
use of POREE '

sportin t

adose zone from the LAW disposal facility was represented
fy in a two-dir

isional axial-symmetric cross-section extending from the
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3.0 Summary of Needs and Requirements

This section of the report provides a summary of recommended needs and requirements
identified for consolidation of site-wide groundwater modeling in this initial assessment.
These recommendations were developed based on a review of the objectives and attributes
of implementations of groundwater models for ongoing and planned projects within the
Environmental Restoration, Waste Management, and Tank Waste Remediation System
programs briefly described in Section 2. Comparative summaries of the status, objectives.
drivers and modgfiig attributes of all the modeling activities described are provided in a

Tabie

urements for the consensus site-wide groundwater model
gcuss the following areas:

Jatdl nd Requirements
Computer Code Redjtiireme '

e Other Needs and Réquireme
consolidated site wide mode
applications.

>lated to long-term maintenance and care of the
 processes needed to foster consistency in modeling

3.1 Modeling Objectives

In defining the needs and requirements of a corisk
objectives of the modeling study must be considé
modeling applications have been carried out to:

e assessment of environmental impacts involving the prediction of contaminati
and dose modeling for

gniprehensive

e site-wide assessments (Composite Analysis, Columbia Riv
Impact Assessment)

e Jocal-scale assessments.

e design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment and, contaminant removal/cieanup

e design and evaluation of site monitoring networks to predict:
e fate and transport of existing and emerging contaminant plumes
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e transient hydraulic behavior of the water table and unconfined aquifer system in
response to changing waste management practices, environmental restoration
alternatives or waste facilities end states

¢ performance of groundwater remediation alternatives, and
¢ risk assessments
Although these modeling objectives result in different, and sometimes opposing,

requirements for the models, there are a substantial number of shared needs and
requirements.

Information Sy&!gf:{ﬂ |
Well Documentation Systerm{:WEL

during groundwater and.& nental lr'iiéiihtormg at the Hanford Site. These data cannot
often be used directly; water flow and transport model, however.
-.-inlcrpretanon For cxamplc well logs undergo

significant hydrogeologic units)for a n
do not depend on any particular nungg

The modeling activities currently under PNNL}
systern designed to separate the specific numericH
the grid and assignment of hydraulic propemes f

recharge estimates.

The advantage of such a site-wide modeling database is that the model infor
in a form independent of the computer code used or the assumptions ma
modeling study. By storing this mformation as high resolution, regulari

_____ ion at different
scales (e.g., in sub-models) or w1th different groundwater computer codes This allows for
use of the numerical representation and computer code that is most appropriate for
simulating the problem being considered. Currently, links have been created between
ARC/INFO and the CFEST code, but creating iinks to other groundwater flow and
transport codes, as was demonstrated in the VAM2D implementation for the TWRS-EIS. is
possible so that a suite of codes would be available for use at the Hanford Site. '
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An additional advantage of the site-wide model parameter database is that it can be based on
a current consensus interpretation of the characterization data and can be updated as new
data become available. The baseline geohydrologic condition is well established for the
unconfined aquifer (Hartman and Dresel 1996, Wurstner et al 1995; Law et al. 1996, and
Connelly et al. 1992a and b,). However, because data continue to be gathered and because
newly gathered data do not always fit the existing conceptual model, a continuous effort is
required to continually evaluate the data and refine the geologic and hydrogeologic
conceptual models. As active and planned disposals and remediation sites are
characterized, our knowledge grows regarding the vadose zone beneath these sites.
Sediment or contafiainant profiles (or both) beneath several sites have been studied in recent
years and greaf} anded our knowledge of the vadose zone. Studies conducted for the
iif:facility and the 200-BP-1 cnib site, and the ongomg study of

£ hydraxik"

ontained in these databases can be processed
ENFO and EarthVision to develop parameter
{gigierous other smaller database systems also exist.
iplicable to a site-wide modeling database.

ind databases combined as appropriate.

complex conccptual model in use at the:HzE :
objectives in use at the Hanford Site (’sei:s;is above) B
3ty the'conccptual model of the
frveiflance progratiiat PNNL includes
ten lavers representing the Hanford formation, Riﬂ 3 d formathﬁff §

model developed by BHI and WHC in support BERCRA 2
includes three layers representing the Hanford formatlon d

models in use at the Hanford Site.

To summarize, the major needs and requirements for a consolidated skt

_ : gzwide groundwater
modeling program with respect to the conceptual model are as follows: *

* A common site-wide database based on a GIS, containing all the information necessary
to develop parameter distributions for use in a model should be used in all modeling
applications.

e This model parameter database should be based on a consensus interpretation of the
available data.
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s The database and data interpretations should be updated as new data, on both the local
and regional scale, become available.

* Any conceptual models that make additional simplifications to the site-wide modeling
database should include adequate documentation to demonstrate consistency. Such
documentation may include a list of assumptions made, their justification, and
comparisons with simulation results based on the most complete and compiex
conceptual medel.

Needs and Requirements

vill determine the needs and requirements of the computer
0ssible, however, that a single code will be adopted in the future
drﬂmg, the needs and requirements in this section were

deve]oped fotighe: _
to be needed at the Hanford,

3.3.1 Technical R&

3.3.1.1. Fluid Flow °

s;fy groundwater in an lsolhermal
{#fons. However, for certain

setting for either steady state oriranSlCﬂ.t..ﬂﬂWm
modeling applications such as the ssmlﬁﬁii%’i femediaion options for the carbon
tetrachloride plume in the 200 areas or:tfig’e vilhationéfinnovative in-situ treatment
technologies such as in-situ REDOX treatmefi: ogies, capabilities to simulate the

effects of variable density would be desirable.”

3.3.1.2 Hvdrologic Properties

The code should be capable of accommodating the threg

3.3.1.3. Unconfined and nfined Aguifer Conditions

The selected code shouid be capable of simulating flow and contamma:n fransport in
unconfined and confined aquifer systems. '

3314 atial Scale of Analysis
The selected code should be capable of simulating flow conditions at the scale of the entire
Hanford Site and have robust sub-modeling capability to facilitate the systematic transfer of

attributes of the site-wide flow and contaminant transport model to local-scale models as
appropriate.
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3.3.1.5 Temporal Scale of Analysis

The selected code should have the capability to effectively simulate flow on a variety of
time-scales ranging from a few years to 10,000 years at both the scale of the entire Hanford
Site and at the local scale.

3.3.1.6 Contaminant Transport

The selected codesshould be capable of simulating contaminant fluxes in two- and three-
dimensions as_#: ion of the various driving hydro]oglc processcs and mass transport

fects of radioactive decay. Another desirable
@bilities to analyze the effects of complex decay

analyses in two- and three- dlmensnons

3.3.1.11 Boundary Conditions

3.3.2 Administrative Requirements

3.3.2.1 User Interface Issues

Pre- and Post-processing Software. The code should interface with some form of pre- and
post-processing modules that allow the user to readily set up problems and to understand

35



results. Graphical interfaces are preferred to text interfaces. Such pre- and post-processing
modules could be an integral part of the code. In particular, the capability to graphically
display the numerical grid discretization along with zone identifiers, contaminant and water
fluxes across selected boundaries and/or regions-in the modeling domain, and contours,
spatial cross sections, and time histories of contaminant concentrations 1s highly desired.
The pre- and post-processing systems can be commercial or public domain products not
developed by those responsible for the computer code.

Coupling with Ge Qg[gpbjg Information System. The code should have the capabilily to

safl execution optig
description of the output opuons should alserli

Body of Model Applications. The selected code should be well regardcd amon

and regulatory community. In particular, the code should be acceptabie to th
Environmental Protection Agency and the Washington State Department of
environmental assessments at the Hanford Site. The code should have bgg
simulations of the Hanford Site unconfined aquifer with the results pupl
reviewed documents.

3.3.2.3. Availability and Cost

The executable code should be available to the public at a reasonable cost for the purposes
of repeating calculations and confirming results.

1eRY
gsed in
#'In externally
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3.2.4 Accessibilitv_ and Cross Contractor

(%}

The code must be available for use by all contractors performing Hanford Site groundwater
modeling. :

3325 e_Availability a Version Control

The version of the code should be a recent version, preferably the last one that has been
fully tested. For codes that are well established, the use of a well-tested version may
outweigh the use:Hf a newer, but less tested version. The software should be maintained
under a qualif; @] program that documents modifications.

5_ ve a variety of computational algorithms and solvers to facilitate
i wide variety of flow and contaminant transport problems.

b Bfe 8¥Being run on a variety of computational
workstations and platform€iificiuding UNEX-based workstations.

i) if they provide an advantage over public domain
todian(s) allow inspection and verification of the source

code by DOE and its agents’ e mspecuons angh rification reviews may be required
to assist DOE and its contractofs to rectify pralifgmsenciifitered in application of the code
or in working with the code author( s af approaches for required code

enhancements.

3.3.2.8 Technical Support

The selected code should be sufficiently well di mcmed a
developer to allow rectification of technical dlfﬁcultxes th
Hanford specific applications.

stppiirted by the code
n its appj

3.3 Other Needs and Reguirements

consistency in applications of groundwater models by various on-site progs :
of the current organizational framework of the Hanford Site around majgififst _grams and” the
partitioning of technical work and responsibility among the various si unifactors
groundwater modeling being conducted to support individual projects *programs has
yielded results that were inconsistent with those generated by modeling groups in other
programs. The identified inconsistencies in results, in most cases, have found their root
causes from differences in

. the modeling objectives

. the definition of the conceptual model arising from differences in the sources and
interpretations of data and the assumptions made
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. the definition of the modei boundary conditions

. the development of parameter distributions used in the numerical model, including
the method of calibration _

. the computer code(s) used (e.g.. two versus three dimenstons)

. the numerical model discretization, typically chosen to balance accuracy and the
amount of time/money available

. interpretation of numerical model results, including estimates of uncertainty and

s in model results may best be achieved by standardizing a
site-wide modeling database as discussed above. In addition,
toward ensuring consistent development of parameter estimates
rtant should be a requirement to estimate the uncertainty in
-’_ ej()pment of standard procedures to do so. The site may consider

environmental dose cak!ulanons
groundwater modeling activities.

maintaining a detailed administrative record
e conceptual model interpretations ang:

* development of new parameter estxmates for.thi
calibration is done in response to new infaf
testing, or water leve] measurements

e selected codes and related software as new capabilities are incorpor
updated versions of the codes are acquired

e transport theory (e.g., chemical reactive transport)
e computational and numerical methods
e computational equipment
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APPENDIX

N. WA wa

iew of LheE 'Jccuvcs and attributes of unplernentauons of mundwater
yfigoing and plinned projects provided to project staff by DOE/RL and
ctor representatives:ofithe Environmental Restoration, Waste Management, and Tank
Waste Rcmcdlauon Syst 7. Programs. These summaries were also dcvclopcd in part from
:duang consultations with U. S. Environmental Protection Agency,
pamnca;;fafﬁcology, the Nez Pierce Indian Nation, the Yakama
a “u'of the Hanford Advisory Board.




Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial

Focused Feasibility
Modeling Action Design Analyses

Studies

Bank 100-H

100-H 100-D
Model Attributes LWDF's | Storage | N Springs Area 100-D Area

Area Area

Current Status

Work Completed

No future work needed

Future Revisions Needed

Work Initiated

Work Planned and In Baseline

Work Manned and not in Baseline

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

Facility Permilting

Emergency Response

Public Interest

Purpose or Objective of Analysis

Disposal Site Screening Analysis

Site Performance Assessment

Design and Evaluation of Remediation
Stralegy il

Evaluation of Monitoring thworﬁ?!_':liﬂ
Design

Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater Al



Table A.1. Mode! Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial

Modeling Action Design Analyse
Bank 100-1
Maodel Attributes LWDF's | Storage | N Springs Area 100-D Area

Focused Feasibility
Studies
100-H 100-D
Area Area

Scope of Analysis
Dimensionality 3.-D 2-D 2-D 2-D
Model Orientation Cross-section | Areal/ X-sect Arcal
Flow Analysis

Vadose Zone Flow ‘Transient Transient

Groundwater Flow Transient Transient | Steady-state
Transport Analysis §
Vadose Zone Transport Transienl
Groundwater Transpon Transient
Geochemical Capabilities Used/Required
Sorption X
Radioactive Decay w/o chain decay
Radioactive Decay with Chain Decay

b 3-D

Transient Transient | Steady-state | Steady-state

Transient Transient

Scale of Analysis
Spatial Scale
Time Scale

Local Local Local Local Local
<50 yrs <350 yrs <50 yrs <50 yrs <50 yrs

Codes Used
VAMIDCG
PORFLOW

STOMP

MEPAS

CFEST-SC or CFEST-96
MICROFEM
MODFLOW

MT3D

Spreadsheet Analysis
Flowpath

GW GwW

GW

OwW GwW
Gw GW

n/a not applicable; VZ vadose zone; GW groundwater A4




Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area [nterim Remedial Focused Feasibility
Modeling Action Design Analyses Studies
Bank 100-11 1o0-1 100-D

Model Attributes LWDF’s } Storage | N Springs Area 100-D Area Area Area
Boundary Conditions
Basalt Oulcrops n/a na n'a n/a
Cold Creck Valley ‘ n/a n/a nfa na
Dry Creek Valley n/a nfa n/a na
Yakima River n'a n/a n/a n/a
Columbia River

Constant Head Transient Transient
Constant Flux

Local-scale Boundaries

Constant Head Sieady-state | Sicady-state
Constant Flux

Natural Recharge X-
Base of Mode}
5 m below Water Table
Hanford/Ringold Contact
Top of Lower Ringold Mud Unit X
Top of Columbia River Basalts

Steady-state { Steady-state

Steady-stali: i

Steady-state | Steady-state | Steady-state | Stcady-state

X X X

n/a not applicable; VZ vadose zone; GW groundwater A

i, )




Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

Mode] Attributes

100-N Area
Modeling

Action Design Analyses .

Interim Remedial

Focused Feasibility
Studies

Bank

LWDF's | Storage

N Springs

100-H
Area

100-D Area] ;;

100-H
Area

100-D
Area

Hydrostratigraphic Units

Hanford Formation

Ringold Formation (as single unit)

Combined Hanford / Ringold Formation

Palouse Soil

Plio-Pliestocene Unit

tpper Ringold (Unit 4)

Middlc Ringold (Unit 5)

Middle Ringold (Unit 6)

Middile Ringold (Unit 7)

Lower Ringold (Unit 8)

Basal Ringold (Uit 9)

Columbia River Dasals

Comntaminants Considered

Radionuclides

Chemicals

Clhromium

Chromium

n/a not applicable; VZ vadose zone; GW groundwater

Ab




Table A.2. Model Atiributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanflor
Site-Wide Restoration Rem 200 Area
Remediation Disposal ig) Soil
Madel Attributes Strategy Facility Rédiediation

Current Status

Work Completed

No (uture work needed

Futurc Revisions Needed

Work Initialed

Work Planned and In Baseline

Work Planned and not in Baseline

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

Facility Permitting

Emergency Response

PPublic Inerest

Purpose or Objective of Analysis

Disposal Site Screening Analysis

Site PPerformance Assessment

Design and Evaluanon of Remcdllllbn Slralcg

Risk Assessm‘mf

n/a not applicable: VZ vadose zone; GW groundwater

A7




Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanlord Environmental
Site-Wide Restoration
Remediation Disposal
Model Attributes Strategy Facility
Scope of Analysis
Dimensionalily
hodel Crientation

Flow Analysis
Vadose Zone Flow
Groundwalter Flow
Transport Analysis
Vadose Zone Transport
Groundwaler Transport
Geochemical Capabilities Used/Required
Sorption
Radioactive Decay w/o chain decay
Radioactive Decay wilh Chain Decay:

Steady-state
iSteady-state

indy-state
Yeady-state

Seale of Analysis
Spatial Scale
Time Scale

Local Site-wide Local/ Site-wide
<10,000 yrs <10,000 yrs

Codes Used
VAMIDCG
PORFLOW .,
STOMP
MEPAS
CFEST-SC of!
MICROFEM
MODFLOW
MTID
Spreadsheer Analysis
RESRAD

VZIGW
GW

VZ/IGW

n/a not applicable; VZ vadose zone; GW groundwater AR




Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration Remed 200 Area
Remediation Disposal . Seil
Model Atiributes Strategy Facility . gdiation

floundary Conditions

Basalt Quicrops

No Flow

Rattlesnake Hills Spring Discharge

Cold Creck Valley

Constant Head

Constant Flux

Dry Creek Valley

Constant 11ead

Constant Flux

teady-statc

Yakima River

Constant Head

Steady-state

Constant Flux

Columbia River

Canstant [lcad

Steady-state

Constant Flux

tLocal-scale Boundaries

na

Natural Recharge

X

Dase of Model

5 m below Whater Tabie

Hanford/Ringold Contact

Top of Lawsk: Ringold Mud UK

Top of Ctillinkka River Basalts

n/a not applicable; VZ vadose zone; GW groundwater
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Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental
Site-Wide Restoration . 200 Area
Remediation Disposal i = Soil
Model Attributes Strategy Facility T Reijediation
Hydrostratigaphic Units 2
Hanford Formation

Ringold Formation {as single unit)

Combined Hanford and Ringold Formation

Palouse Sail

Plio-Pliestocenc Unit

Upper Ringold (Unil 4)

Middle Ringold (Unit 5)

Middle Ringold {U'nil 6)

Middle Ringold (Unit 7}

Lower Ringold (Unit 8)

Basal Ringold (Unit 9)

Columbia River Basall

Contaminants Considered

Radionuclides
Chemicals

n/a not applicable; VZ vadose zone; GW groundwater




Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Model Attributes

Hanford Groundwater Project

Impacis to
Future Drinking Water
Water-Level Systems and
Assessment Groundwater Use

Canyon
Dispaosition
Initiative

Current Status -

Work Completed

No future work needed

Future Revisions Needed

Waork Initiated

Work Planned and In Daseline

Work Planned and nol in Baseline

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Guidance

Composite Analysis
Guidance

DOE Orders

Facility Permitting

Emergency Response

DNFS

932

{*ublic Interest

Purpose ar Objective of Annlysi

Disposal Site Screening Analysis

Site Performance Assessmenl

Design and Evaluation of Remediation Sira

Assessment of Environmental Impacts

Evaluation of Monitoring Netwaork and Design

Risk Assessment

n/a not applicable;, VZ vadose zone; GW groundwater




Table A.3

. Mode} Attributes of Key Projects in the Environmental Restoration Program

Model Attributes

Hanford Groundwater Project

Future
Water-Level
Assessment

lmpacis to
Drinking Water
Systems and
Groundwaler Use

Canyon
Disposition
Initiative

Scope of Analysis

Dimensionality

2-D

Model Orientation

Areal

Flow Analysis

Vadose Zone Flow

Groundwater Flow

SS & Transicnt

X

Transport Analysis

nfa

Vadose Zone Transport

I‘ransient

Groundwater Transport

Transient

Geochemical Capabilities Used/Required

Sorption

Radioactive Decay w/o chain decay

> [

Radioactive Decay with Chain Decay

Scale of Analysis

Spatial Scale

Site-wide

Site-wide

Site-wide

Time Scale

<200 yrs

<1000 yrs

>10,000 yrs

Codes Used

?

VAMIDCG

PORFLOW

STOMP

VZ

MEPAS

CFEST-SC or CTEST-96

GW

GwW

MICROFEM

MODFIL.OW

MT3D

Spreadsheet Analysis

w/a not applicable; VZ vadose zone; GW groundwater




Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project
impacts to
Future Drinking Water Canyen
Water-Level Systems and Disposition
Maodel Attributes Assessment | Groundwater Use Initiative
Boundary Conditions Undecided

Basalt Quicrops

No Flow X
Raltlesnake Llills Spring Discharge , X
Cold Creek Vailey
Constant Head
Constanl Flux Sieady-state

Dry Creck Valley

Constant | lead

Constant Flux

Steady-state

Yakima River n/a

Constant Head

Constant Flux

Columbia River

Constant Head Steady-state

Constant Flux

|.ocal-scale Boundarics n/n n/a

Natural Recharge

3ase of Model

3 m below Water Table

Hanford/Ringold Conlact

Top of Lower Ringold Mud Uit

Top of Columbia River Basalts

n/a not applicable; VZ vadose zone; GW groundwater Al3



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project
Impacts (o
Future Drinking Waler Canyon
- Water-Level Systems and Disposition
Model Attributes Assessment | Groundwater Use Initiative

Hydrostratigraphic Units Considered

Hanford Formation

Ringold Farmation (as single unit}

Combined Ilanford and Ringold Formation

Palouse Soil

Ptio-Pliestocene Unit

Upper Ringold (Unit 4

Middle Ringotd (Unit 5)

Middte Ringold (Unit 6)

Middle Ringold (Unil 7)

Lower Ringold (Unit 8}

Dasal Ringold {Unit 9)

Columbia River Dasal!

Contaminants Considered

Radionuclides

Chemicals

n/a not applicabie; VZ vadose zome; GW groundwater Ald



Table A.4. Mode! Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management

nk Waste Remediation System

LLW Burial Grounds TWRS Low Activity
Performance Liquid Effluents Waste Disposal
Assessment Program Facility
200 East | 200 East Other Solid Interim
Model Altribules Area Area ETF  |Discharges{Waste EES; PA Final PA

Current Status

Wark Completed

Na future work needed

Future Revisions Neeced

Work Initiated

Work Planncd and In Baseline

Work Planned and not in Baseline

PA Mainienance

Drivers

CERCLA

RCRA Compliance

NEPA

DOE Orders

58202 3830.2A

$820.2A 582034

Facility Permiiting

Emergency Response

I*'ublic Interest

Purpose or Objective of Anrlysis

Disposal Sile Screening Analysis i

Site Performance Assessinent

Assessment of Environmental Impacts

Lvaluation of Monitoring Network and Desigh

tisk Assessiment

n/a snot applicable; VZ vadose zone; GW groundwater

A.l5




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management

Tank Waste Remediation System

LLW Burial Grounds TWRS Low Activity
Performance Liquid Effluents Waste Disposal
Assessment Program Facility
200 East | 200 East Other Interim
Model Atiributes Area Area ETF Discharges|V PA Final PA
Scope of Analysis .
Dimensionality 2-D 2-D .. 2-D 2-D 2-D 2-D
Mode! Orientation X-section | X-section i Areal/X-sect] Areal/X-sect| Areal/X-sect [ Arcal/X-sect
Flow Analysis
Vadose Zone Flow . ¢:[:Ricady-state | Transient 1SS & Trans. |SS & Trans.
Groundwater Flow Steady-state | Steady-state | “F | Steady-staic | Sieady-state | SS & Trans. | 8S & Trans.
Transport Analysis
Vadose Zone Transport Transient | Transient | Transient | Transient
Groundwater Transport Transient | Transient | Transient | Transient
Geochemical Capabilities Used/Required
Sorplion X X X X X
Radioactive Decay w/o chain decay : X X X x
Radioactive Decay wilh Chain Decay X X
Scale of Analysis
Spatial Scale 7 Site-wide [ Site-wide [Loc/ Site-wdll.oc/ Site-wdll.oc/ Site-wd
Time Scale ? <10,000 yrs | <10,000 yrs { <10,000 yrs { > 10,000 yrs | >10,000 yrs
Codes Used "
VAM2ID/VAMIDCG VZIGW Gw GW
PORFLOW VZIGW vZ VZ
STOMP vz
MEPAS VZIGW
CFEST-SC or CFEST-96 GwW
MICROFEM
MODFLOW
MTID

n/a not applicable; VZ vadose zone; GW groundwaler
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Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management

@ik Waste Remediation System

LLW Burial Grounds

TWRS Low Activity

Performance Liquid Effiuents Waste Disposal
Assessment Program Facility
200 East | 200 East Other Solid i : Interim
Model Attributes Area Area ETF  |DischargesiWaste EIS PA Final PA

Boundary Conditions

:AIndecided

Basalt Outcrops

n/a

No Flaw

Rattlesnake Hiils Spring Discharge

Cold Creek Valley

Constant Head

Constant Flux

Hiendy-staie

Steady-siate | Sicady-state | Sieady-state | Steady-state

Dey Creek Valley

Constant Head

Constant Flux

Steady-state

Steady-state | Steady-siate | Sieady-staie | Steady-siate |

Yakima River

Constant J{cad

n/a

n/a n/a Steady-state | Steady-state

Conslant Flux

Columbia River

Constant | lcad

Steady-stale

Steady-state | Steady-state | Steady-state | Steady-siate

Constant Ilux

L.ocal-scale Boundaries

Conslant Head

Steady-state | Transient

Constant Flux

Transient

Natural Recharge

X X X X x
Base of Model

5 m below Water Table

Hanlord/Ringold Contact X

Top of Lower Ringold Mud Unit

Top of Columbia River Dasalts b3 X X X X X

n/a not applicable; VZ vadose zone; GW groundwater




Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management ‘#nk Waste Remediation System
LLW Burial Grounds : TWRS Low Activity
Performance Liquid Effluents Waste Disposal
Assessment Program Facility
200 East | 200 East Interim
Medel Attributes Area Area ETF PA Final PA
Ilydrostratigraphic Units Considered 2 9 2 2
Hanford Formation X X X . X X
Ringold Formation (as single unit) X X X

Combined Hanford / Ringold Formation

Palouse Sail

Plio-Pliestocene Unit

Upper Ringold (Unit 4)

Middle Ringold (Unit 5)

Middle Ringold (Unit 6}

Middle Ringold (Unit 7}

Lower Ringold {Uni1 8)

Rasal Ringold (Unit 9)

Columbia River Basah

Contaminants Considered

Radionuclides

Chemicats

n/a not applicable; VZ vadase zone; GW groundwater
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